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(57) ABSTRACT 

Abroadband Wireless access communication system having 
a sleep and an aWake mode. Asubscriber station controls the 
sleep mode upon receiving a denial response of a base 
station to a sleep request from the subscriber station to the 
base station. If the denial response from the base station is 
received, the subscriber station retransmits a sleep request to 
the base station after a lapse of Waiting duration. If the denial 
response from the base station is received, the subscriber 
station holds retransmission of a sleep request to the base 
station until an unsolicited response to the sleep request is 
received from the base station. 
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SYSTEM AND METHOD FOR CONTROLLING 
STATE TRANSITION IN SLEEP MODE AND 
AWAKE MODE IN A BROADBAND WIRELESS 

ACCESS COMMUNICATION SYSTEM 

PRIORITY 

[0001] This application claims priority under 35 U.S.C. § 
119 to an application entitled “System and Method for 
Controlling State Transition in Sleep Mode and AWake 
Mode in a Broadband Wireless Access Communication 
System” ?led in the Korean Intellectual Property Of?ce on 
Apr. 30, 2003 and assigned Serial No. 2003-27836, the 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to a broad 
band Wireless access communication system, and in particu 
lar, to a system and method for controlling a sleep mode and 
an aWake mode in a broadband Wireless access communi 
cation system employing Orthogonal Frequency Division 
Multiplexing (OFDM). 

[0004] 2. Description of the Related Art 

[0005] In a 4th generation (4G) communication system, 
active research is being conducted on technology for pro 
viding users With services guaranteeing various qualities of 
service (QoSs) at a data rate of about 100 Mbps. The current 
3rd generation (3G) communication system generally sup 
ports a data rate of about 384 Kbps in an outdoor channel 
environment With a relatively poor channel environment, 
and supports a data rate of a maximum of 2 Mbps even in 
an indoor channel environment having a relatively good 
channel environment. Alternatively, a Wireless local area 
netWork (LAN) system and a Wireless metropolitan area 
netWork (MAN) system generally support a data rate of 20 
Mbps to 50 Mbps. 

[0006] Accordingly, in the current 4G communication 
system, active research is being conducted out on a neW 
communication system ef?cient securing mobility and high 
QoS for the Wireless LAN system and the Wireless MAN 
system supporting a relatively high data rate in order to 
support high-speed services that the 4G communication 
system is intended to provide. 

[0007] Due to its broad service coverage and high data 
rate, the Wireless MAN system is suitable for high-speed 
communication services. HoWever, because the mobility of 
a user, or a subscriber station (SS), is not taken into 
consideration, a handoff, or cell selection, caused by fast 
movement of the subscriber station is also not considered in 
the system. 

[0008] FIG. 1 is a diagram schematically illustrating a 
con?guration of a conventional broadband Wireless access 
communication system employing Orthogonal Frequency 
Division Multiplexing (OFDM)/Orthogonal Frequency 
Division Multiple Access (OFDMA) (hereinafter referred to 
as “OFDM/OFMDA broadband Wireless access communi 
cation system”). More speci?cally, FIG. 1 is a diagram 
schematically illustrating a con?guration of an IEEE 
802.16a communication system. 
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[0009] HoWever, before a description of FIG. 1 is given, 
it should be noted that the Wireless MAN system is a 
broadband Wireless access (BWA) communication system, 
and has broader service coverage and supports a higher data 
rate than the Wireless LAN system. The IEEE 802.16a 
communication system is a communication system employ 
ing OFDM and OFDMA in order to support a broadband 
transmission netWork to a physical channel of the Wireless 
MAN system. 

[0010] That is, the IEEE 802.16a communication system 
is an OFDM/OFDMA broadband Wireless access commu 
nication system. The IEEE 802.16a communication system, 
Which applies OFDM/OFDMA to the Wireless MAN sys 
tem, transmits a physical channel signal using a plurality of 
subcarriers, thereby making it possible to support high 
speed data communication. 

[0011] Alternatively, an IEEE 802.16e communication 
system has the same characteristics as the IEEE 802.16a 
communication system, but also considers mobility of a 
subscriber station. HoWever, no speci?cation has yet been 
proposed for the IEEE 802.16e communication system. 

[0012] Because the IEEE 802.16e communication system 
takes mobility of a subscriber station into account, it Will be 
assumed herein that the subscriber station (SS) refers to a 
mobile station (MS) or a mobile subscriber station (MSS). 
That is, the MS or MSS refers to an SS to Which mobility is 
given. 

[0013] Referring to FIG. 1, the IEEE 802.16a communi 
cation system has a single-cell con?guration, and comprises 
a base station (BS) 100 and a plurality of subscriber stations 
(SSs) 110, 120, and 130 controlled by the base station 100. 
Signal exchange betWeen the base station 100 and the 
subscriber stations 110, 120, and 130 is performed using the 
OFDM/OFDMA technology. 

[0014] As described above, the IEEE 802.16a communi 
cation system currently considers only a state in Which 
subscriber stations are ?xed, i.e., the mobility of subscriber 
stations is never considered, and considers only a single-cell 
con?guration. HoWever, as described above, the IEEE 
802.16e communication system considers mobility of a 
subscriber station in addition to characteristics of the IEEE 
802.16a communication system. Therefore, the IEEE 
802.16e communication system must consider mobility of a 
subscriber station in a multicell environment. In order to 
consider the mobility of a subscriber station in a multicell 
environment, operations of the subscriber station and a base 
station must be modi?ed inevitably. HoWever, the IEEE 
802.16e communication system has not proposed any 
method for handling the multicell environment and the 
mobility of a subscriber station. 

[0015] In the IEEE 802.16e communication system, When 
the mobility of a subscriber station is taken into consider 
ation, poWer consumption of the subscriber station is an 
important factor in managing the entire system resources. 
Therefore, a sleep mode operation and a corresponding 
aWake mode operation betWeen a subscriber station and a 
base station for minimiZing the poWer consumption of the 
subscriber station have been proposed. 

[0016] FIG. 2 is a diagram schematically illustrating a 
sleep mode operation proposed in a conventional IEEE 
802.16e communication system. Before a description of 
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FIG. 2 is given, it should be noted that the sleep mode has 
been proposed to minimize poWer consumption of a sub 
scriber station in an idle interval Where no packet data is 
transmitted. That is, in the sleep mode, a subscriber station 
and a base station both transition to the sleep mode in order 
to minimize poWer consumption of the subscriber station in 
an idle interval Where no packet data is transmitted. 

[0017] Because packet data is generally generated on a 
burst basis, it is unlikely that an interval Where the packet 
data is not transmitted is identical in operation to an interval 
Where the packet data is transmitted. Therefore, the sleep 
mode has been proposed. 

[0018] HoWever, if the subscriber station in the sleep 
mode has packet data to be eXchanged With the base station, 
the subscriber station must transition to an aWake mode to 
eXchange the packet data With the base station. 

[0019] Such a sleep mode operation has been proposed as 
a plan for minimiZing poWer consumption and interference 
betWeen channel signals. HoWever, because a characteristic 
of the packet data is chie?y affected by traffic, the sleep 
mode operation must be adaptively performed in consider 
ation of a traffic characteristic and a transmission scheme of 
the packet data. 

[0020] Referring to FIG. 2, reference numeral 211 denotes 
a pattern of packet data generated, Which comprises a 
plurality of ON intervals and OFF intervals. The ON inter 
vals are burst intervals Where packet data, or traffic, is 
generated, and the OFF intervals are idle intervals Where no 
traffic is generated. 

[0021] A subscriber station transitions to a sleep mode or 
an aWake mode according to the traffic generation pattern, 
thereby minimiZing poWer consumption of the subscriber 
station and reducing interference betWeen channel signals. 

[0022] Reference numeral 213 denotes a state transition 
(or mode transition) pattern of a base station, Which com 
prises a plurality of aWake modes and sleep modes. The 
aWake modes refer to states in Which traffic is generated, and 
in these states, actual packet data transmission/reception 
betWeen a base station and a subscriber station is performed. 
Conversely, the sleep modes refer to states in Which no 
traffic is generated, and in these states, no packet data 
transmission/reception betWeen a base station and a sub 
scriber station is performed. 

[0023] Reference numeral 215 denotes a pattern of a 
poWer level of a subscriber station (SS POWER LEVEL), 
and as illustrated, if a poWer level of the subscriber station 
for the aWake mode is de?ned as ‘K’, a poWer level of the 
subscriber station for the sleep mode becomes ‘M’. Com 
paring the poWer level K of the subscriber station for the 
aWake mode With the poWer level M of the subscriber station 
for the sleep mode, the M value is much smaller than the K 
value. That is, in the sleep mode, very little poWer is 
consumed because no transmission/reception of packet data 
is performed. 

[0024] A description Will noW be made herein beloW of 
schemes currently proposed in the IEEE 802.16e commu 
nication system in order to support the sleep mode operation. 
HoWever, before a description of the schemes currently 
proposed in the IEEE 802.16e communication system is 
given, the folloWing preconditions Will be described. 
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[0025] In order to transition to a sleep mode, a subscriber 
station must receive a state transition approval from a base 
station, and the base station permits the base station to 
transition to the sleep mode and then transmits packet data. 

[0026] In addition, the base station must inform the sub 
scriber station that there is packet data to be transmitted to 
the subscriber station for a listening interval of the sub 
scriber station. At this point, the subscriber station must 
aWake from a sleep mode and determine Whether there is 
packet data to be transmitted from the base station to the 
subscriber station itself. A detailed description of the “lis 
tening interval” Will be made herein beloW. 

[0027] If it is determined that there is packet data to be 
transmitted from the base station to the subscriber station 
itself, the subscriber station transitions to the aWake mode to 
receive packet data from the base station. HoWever, if it is 
determined that there is no packet data to be transmitted 
from the base station to the subscriber station itself, the 
subscriber station can return to the sleep mode or hold the 
aWake mode. 

[0028] A. Operation Parameters 

[0029] A description Will noW be made of parameters 
necessary for supporting the sleep mode and aWake mode 
operations. 

[0030] (1) Sleep Interval 

[0031] The sleep interval is requested by a subscriber 
station, and assigned by a base station at the request of the 
subscriber station. The sleep interval represents a time 
interval from a time When the subscriber station transitions 
to a sleep mode to a time When the subscriber station 
transitions back to an aWake mode. As a result, the sleep 
interval is de?ned as a time for Which the subscriber station 
stays in a sleep mode. 

[0032] The subscriber station can continuously stay in a 
sleep mode even after the sleep interval. In this case, the 
subscriber station updates the sleep interval by performing 
an exponentially increasing algorithm using a predetermined 
minimum WindoW (MIN-WINDOW) or maXimum WindoW 
(MAX-WINDOW). The minimum WindoW value is a mini 
mum value of the sleep interval, and the maXimum WindoW 
value is a maXimum value of the sleep interval. In addition, 
the minimum WindoW value and the maXimum WindoW 
value are represented by a number of frames, and a base 
station assigns both. These values Will be described in more 
detail herein beloW. 

[0033] (2) Listening Interval 

[0034] The listening interval is requested by a subscriber 
station, and assigned by a base station at the request of the 
subscriber station. The listening interval represents a time 
interval for Which the subscriber station receives doWnlink 
messages, such as a traffic indication (TRF_IND) message, 
in synchronism With a doWnlink signal from the base station 
after it aWoke from a sleep mode for a short While. The traffic 
indication message is a traffic message to be transmitted to 
the subscriber station (i.e., a message indicating presence of 
packet data), and a detailed description thereof Will be made 
later on. The subscriber station determines Whether it Will 
stay in the aWake mode or transition back to the sleep mode, 
according to a value of the traffic indication message. 
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[0035] (3) Sleep Interval Update Algorithm 

[0036] If the subscriber station transitions to a sleep mode, 
it determines a sleep interval by regarding a predetermined 
minimum WindoW value as a minimum sleep mode cycle. 
After a lapse of the sleep interval, the subscriber station 
aWakes from the sleep mode for the listening interval to 
determine Whether there is packet data to be transmitted 
from the base station. If it is determined that there is no 
packet data to be transmitted from the base station, the 
subscriber station sets the sleep interval to a value tWo times 
longer than a previous sleep interval, and continuously stays 
in the sleep mode. 

[0037] For eXample, When the minimum WindoW value is 
‘2’, the subscriber station sets the sleep interval to 2 frames, 
and then stays in a sleep mode for the 2 frames. After a lapse 
of the 2 frames, the subscriber station aWakes from the sleep 
mode and determines Whether the traffic indication message 
is received. If it is determined that the traf?c indication 
message is not received, i.e., if it is determined that there is 
no packet data transmitted from the base station to the 
subscriber station, the subscriber station sets the sleep inter 
val to 4 frames, i.e., tWo times the original 2 frames, and then 
stays in a sleep mode for the 4 frames. 

[0038] Accordingly, the sleep interval is increased from 
the minimum WindoW value up to the maXimum WindoW 
value, and an algorithm for updating the sleep interval 
becomes the sleep interval update algorithm. 

[0039] B. Operation Messages 

[0040] A description Will noW be made of messages cur 
rently de?ned in the IEEE 802.16e communication system 
in order to support the sleep mode and aWake mode opera 
tions. 

[0041] (1) Sleep Request (SLP_REQ) Message 
[0042] The sleep request message is transmitted from a 
subscriber station to a base station, and used by the sub 
scriber station in making a state transition request to a sleep 
mode. The sleep request message includes parameters, or 
information elements (IEs), needed by the subscriber station 
to operate in a sleep mode, and the sleep request message has 
a format as illustrated in Table 1 beloW. 

TABLE 1 

SYNTAX SIZE NOTES 

SLP—REQLMESSAGELFORMAT( ) { 
MANAGEMENT MESSAGE TYPE = 45 8 bits 

MIN-WINDOW 6 bits 
MAX-WINDOW 10 bits 

LISTENING INTERVAL 8 bits 

} 

[0043] The sleep request message is a dedicated message, 
Which is transmitted on the basis of a connection identi?er 
(CID) of a subscriber station. 

[0044] More speci?cally, MANAGEMENT MESSAGE 
TYPE is information indicating a type of a current trans 
mission message, and MANAGEMENT MESSAGE 
TYPE=45 indicates the sleep request message. A value of 
MIN-WINDOW indicates a start value requested for the 
sleep interval (measured in frames), and a value of MAX 
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WINDOW indicates a stop value requested for the sleep 
interval (measured in frames). That is, as described in 
connection With the sleep interval update algorithm, the 
sleep interval can be updated Within a value betWeen the 
minimum WindoW (MIN-WINDOW) value to the maXimum 
WindoW (MAX-WINDOW) value. Additionally, LISTEN 
ING INTERVAL indicates a requested listening interval 
(measured in frames). The LISTENING INTERVAL is also 
represented by a frame value. 

[0045] (2) Sleep Response (SLP_RSP) Message 
[0046] The sleep response message is a response message 
to the sleep request message, and indicates Whether to 
approve or deny a state transition to a sleep mode requested 
by the subscriber station, or indicates an unsolicited instruc 
tion. That is, the sleep response message serves not only as 
a response message to the sleep request message, but also as 
an unsolicited instruction message that can be transmitted 
even Without reception of the sleep request message. 

[0047] A detailed description of the sleep response mes 
sage used as a message indicating the unsolicited instruction 
Will be made With more detail herein beloW. The sleep 
response message includes information elements needed by 
the subscriber station to operate in a sleep mode. The sleep 
response message has a format as shoWn in Table 2 beloW. 

TABLE 2 

SYNTAX SIZE NOTES 

SLP-RSPLMESSAGELEORMAT( ) { 
MANAGEMENT MESSAGE TYPE = 46 8 bits 

SLEEP-APPROVED 1 bit 0: SLEEP-MODE 

REQUEST 
DENIED 
1; SLEEP-MODE 

REQUEST 
APPROVED 

IF(SLEEP-APPROVED == 0) { 
RESERvED 7 bits 
} ELSE { 

START-TIME 7 bits 
MIN-WINDOW 6 bits 
MAX-WINDOW 10 bits 

LISTENING INTERVAL 8 bits 

} 
} 

[0048] The sleep response message is also a dedicated 
message, Which is transmitted on the basis of a connection 
ID of the subscriber station. 

[0049] The MANAGEMENT MESSAGE TYPE is infor 
mation indicating a type of a current transmission message, 
and MANAGEMENT MESSAGE TYPE=46 indicates the 
sleep response message. Avalue of SLEEP-APPROVED is 
expressed With 1 bit, and SLEEP-APPROVED=0 indicates 
that a transition request to a sleep mode is denied (SLEEP 
MODE REQUEST DENIED), While SLEEP-AP 
PROVED=1 indicates that a transition request to a sleep 
mode is approved (SLEEP-MODE REQUEST 
APPROVED). Also, for SLEEP-APPROVED=0, there is a 
7-bit RESERVED ?eld, and for SLEEP-APPROVED=1, 
there are a 7-bit START-TIME ?eld, a 6-bit MIN-WINDOW 
?eld, a 10-bit MAX-WINDOW ?eld and an 8-bit LISTEN 
ING INTERVAL ?eld. 

[0050] Here, a value of START-TIME indicates the num 
ber of frames required until the subscriber station enters a 
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?rst sleep interval, excluding a frame for Which the sleep 
response message Was received. That is, the subscriber 
station makes a state transition to a sleep mode after a lapse 
of frames corresponding to the START-TIME value begin 
ning at the neXt frame of the frame for Which the sleep 
response message Was received. 

[0051] Additionally, a value of MIN-WINDOW indicates 
a start value for the sleep interval (measured in frames), and 
a value of MAX-WINDOW indicates a stop value for the 
sleep interval (measured in frames). LISTENING INTER 
VAL indicates a value for LISTENING INTERVAL (mea 
sured in frames). 

[0052] (3) Traffic Indication (TRF_ND) Message 

[0053] The traffic indication message is transmitted to a 
subscriber station by a base station for the LISTENING 
INTERVAL, and is used to indicate presence of packet data 
to be transmitted to the subscriber station by the base station. 
The traffic indication message has a format as shoWn in 
Table 3 beloW. 

TABLE 3 

SYNTAX SIZE NOTES 

TRF-INDLMESSAGELFORMATO { 
MANAGEMENT MESSAGE TYPE = 47 8 bits 

POSITIVEiINDICATIONiLIST( ) { TRAFFIC HAS 
BEEN 
ADDRESSED 
TO THE SS 

NUM-POSITIVE 8 bits 

for (i=0; i<NUM-POSITIVE; i++) { 
CID 16 bits BASIC CID 

OF THE SS 

} 
} 
]> 128 

[0054] The traffic indication message, unlike the sleep 
request message and the sleep response message, is a 
broadcasting message transmitted on a broadcasting basis. 
The traffic indication message is a message indicating a 
presence or absence of packet data to be transmitted from the 
base station to a particular subscriber station, and the sub 
scriber station decodes the broadcasted traf?c indication 
message for the LISTENING INTERVAL and determines 
Whether to transition to an aWake mode or hold the sleep 
mode. 

[0055] If the subscriber station determines to transition to 
an aWake mode, the subscriber station analyZes frame syn 
chroniZation. If the analyZed frame sequence number is not 
identical to an eXpected frame sequence number, the sub 
scriber station can make a retransmission request for lost 
packet data in the aWake mode. HoWever, if the subscriber 
station fails to receive the traffic indication message for the 
LISTENING INTERVAL, or if the traffic indication mes 
sage, though it is received, does not include POSITIVE 
INDICATION, the subscriber station returns to the sleep 
mode. 

[0056] The MANAGEMENT MESSAGE TYPE is infor 
mation indicating a type of a current transmission message, 
and MANAGEMENT MESSAGE TYPE=47 indicates the 
traffic indication message. POSITIVE_INDICATION_LIST 
includes the number NUM-POSITIVE of positive subscrib 
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ers, and a connection ID (CID) of each of the positive 
subscribers. That is, the POSITIVE_INDICATION_LIST 
indicates the number of subscribers to Which packet data is 
to be transmitted, and their connection IDs. 

[0057] FIG. 3 is a signal ?oW diagram illustrating a 
procedure for transitioning to a sleep mode by a subscriber 
station at the request of the subscriber station, proposed in 
a conventional IEEE 802.16e communication system. Refer 
ring to FIG. 3, a subscriber station 300 transmits a sleep 
request message to a base station 350 When it desires to 
transition to a sleep mode in step 311. The sleep request 
message includes the information elements described in 
connection With Table 1. Upon receiving the sleep request 
message from the subscriber station 300, the base station 
350 determines Whether to permit the subscriber station 300 
to transition to a sleep mode, taking conditions of the 
subscriber station 300 and the base station 350 into consid 
eration, and transmits a sleep response message to the 
subscriber station 300 according to the determination result 
in step 313. 

[0058] Here, the base station 350 determines Whether to 
permit the subscriber station 300 to transition to a sleep 
mode, taking the presence/absence of packet data to be 
transmitted to the subscriber station 300 into consideration. 
As described in conjunction With Table 2, if the base station 
350 determines to approve a state transition to a sleep mode, 
it sets SLEEP-APPROVED to ‘1’, Whereas if the base 
station 350 determines to deny a state transition to a sleep 
mode, it sets SLEEP-APPROVED to ‘0’. The information 
elements included in the sleep response message are illus 
trated in Table 2. 

[0059] Upon receiving the sleep response message from 
the base station 350, the subscriber station 300 analyZes a 
value of SLEEP-APPROVED included in the received sleep 
response message, and if it is analyZed that the subscriber 
station 300 is permitted to make a state transition to a sleep 
mode, the subscriber station 300 makes a state transition to 
a sleep mode in step 315. HoWever, if a value of SLEEP 
APPROVED included in the sleep response message indi 
cates a denial of a state transition to a sleep mode, the 
subscriber station 300 holds a current mode, i.e., an aWake 
mode. 

[0060] In addition, as the subscriber station 300 makes a 
state transition to a sleep mode, it reads corresponding 
information elements from the sleep response message and 
performs a corresponding sleep mode operation. 

[0061] FIG. 4 is a signal ?oW diagram illustrating a 
procedure for transitioning to a sleep mode by a subscriber 
station under the control of a base station, proposed in a 
conventional IEEE 802.16e communication system. HoW 
ever, before a description of FIG. 4 is given, it should be 
noted that the IEEE 802.16e communication system pro 
poses a method of using the sleep response message as a 
message indicating an unsolicited instruction. Here, the 
“unsolicited instruction” means that a subscriber station 

operates under the instruction, or control, of a base station 
even though there is no separate request from the subscriber 
station, and in an eXample of FIG. 4, the subscriber station 
makes a state transition to a sleep mode according to the 
unsolicited instruction. 

[0062] Referring to FIG. 4, a base station 450 transmits a 
sleep response message, or an unsolicited instruction mes 
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sage, to a subscriber station 400 in step 411. The sleep 
response message includes the information elements 
described in conjunction With Table 2. Upon receiving the 
sleep response message from the base station 450, the 
subscriber station 400 analyZes a value of SLEEP-AP 
PROVED included in the received sleep response message, 
and if the value of SLEEP-APPROVED indicates an 
approval of a state transition to a sleep mode, the subscriber 
station 400 makes a state transition to a sleep mode in step 
413. 

[0063] In FIG. 4, because the sleep response message is 
used as an unsolicited instruction message, the SLEEP 
APPROVED value is expressed only With ‘1’. In addition, 
as the subscriber station 400 transitions to a sleep mode, it 
reads corresponding information elements from the sleep 
response message and performs a corresponding sleep mode 
operation. 
[0064] FIG. 5 is a signal ?oW diagram illustrating a 
procedure for transitioning to an aWake mode by a sub 
scriber station under the control of a base station, proposed 
in a conventional IEEE 802.16e communication system. 
Referring to FIG. 5, if traffic, or packet data, to be trans 
mitted to a subscriber station 500 is generated, a base station 
550 transmits a traf?c indication message to the subscriber 
station 500 in step 511. 

[0065] Here, the traf?c indication message includes the 
information elements described in connection With Table 3. 
Upon receiving the traffic indication message from the base 
station 550, the subscriber station 500 determines Whether 
POSITIVE INDICATION eXists in the traf?c indication 
message. If the POSITIVE INDICATION eXists, the sub 
scriber station 500 reads a connection ID included in the 
traf?c indication message and determines Whether the read 
connection ID is identical to its oWn connection ID. If it is 
determined that the connection ID included in the traf?c 
indication message is identical to its oWn connection ID, the 
subscriber station 500 transitions from the current mode, i.e., 
sleep mode, to an aWake mode in step 513. 

[0066] C. Operation DraWbacks 
[0067] Above, a description has been made of sleep mode 
operations proposed in the current IEEE 802.16e commu 
nication system. NeXt, draWbacks of the above-described 
sleep mode operations Will be described herein beloW. 

[0068] (1) When a subscriber station makes a state tran 
sition request to a sleep mode, a base station must inform the 
base station Whether to approve the state transition request. 
In this case, if there is data to be transmitted to the subscriber 
station, the base station can prevent (or deny) the subscriber 
station from making a state transition to the sleep mode. 
Then the transition-denied subscriber station continuously 
holds an aWake mode, causing unnecessary poWer consump 
tion by the subscriber station. Therefore, When a transition 
request to a sleep mode of the subscriber station is denied, 
an additional operation for enabling the subscriber station to 
transition to a sleep mode and an algorithm therefore are 
necessary. 

[0069] (2) The subscriber station sends a state transition 
request to an aWake mode to the base station each time it 
detects transmission data While it operates in the sleep mode. 
In response, the base station should be able to deny the state 
transition request to an aWake mode of the subscriber station 
for the folloWing reasons. 
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[0070] Ef?cient UtiliZation of Base Station’s Capac 
ity: The base station can previously prevent an 
eXcess of base station’s capacity. 

[0071] Load Balancing on Subscriber Station’s Traf 
?c: The base station suppresses a transition to an 
aWake mode of a subscriber station having a high 
packet transmission rate to the base station, thereby 
increasing packet transmission opportunities of other 
subscriber stations. 

[0072] Reliable Traffic Transmission by Subscriber 
Station in AWake Mode (QoS Guaranteed): The base 
station suppresses a transition to an aWake mode by 
a subscriber station With relatively loWer priority, 
thereby giving more packet data transmission oppor 
tunities to a subscriber station With higher priority. 

[0073] HoWever, the eXisting system has not speci?cally 
de?ned a method for denying the state transition request and 
an operation that must be performed after the denial. There 
fore, a subscriber station, after a state transition to an aWake 
mode Was denied, continuously stays in a sleep mode 
undesirably. 

[0074] In addition, as long as there is a packet to be 
transmitted to the base station, the subscriber station must 
send a state transition request back to an aWake mode to the 
base station, and to this end, the base station is required to 
inform the subscriber station hoW to appropriately re-request 
a state transition to an aWake mode according to a condition 
of the base station. 

[0075] The subscriber station can request a transition to an 
aWake mode in order to transmit a control packet necessary 
for bandWidth allocation betWeen the base station and the 
subscriber station. In this case, the base station must approve 
a transition to an aWake mode of the subscriber station in 
order to guarantee reliable transmission of a user data 
packet. 

[0076] For that purpose, in order for an eXisting subscriber 
station to request a transition to an aWake mode, a ?eld for 
distinguishing a type of transmission packet (e.g., a control 
packet), Which can be a cause of the transition to an aWake 
mode, must be inserted into a message transmitted to the 
base station. 

[0077] (3) Because a subscriber station, after a transition 
to a sleep mode of Which Was approved, unconditionally 
transitions to a sleep mode, a control packet may be lost or 
may fail to be transmitted at an appropriate time, thereby 
affecting actual transmission of a user data packet. 

[0078] Therefore, if the subscriber station must transmit a 
control packet or an urgent user data packet to the base 
station in a state Where the base station requested the 
subscriber station to transition to a sleep mode, the sub 
scriber station should be able to deny the request of the base 
station. For that purpose, it is necessary to de?ne a neW 
message and an operation after the denial. 

[0079] (4) When the base station requests a subscriber 
station staying in a sleep mode to transition to an aWake 
mode, the subscriber station should be able to deny the 
request of the base station according to its remaining battery 
poWer. If current battery poWer of the subscriber station is 
almost exhausted such that no more packet transmission/ 












































